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(54) COMPLEMENTARY INSULATED GATE FIELD EFFECT TRANSISTOR 

(57)Abstract: 

PURPOSE: To accomplish the reduction of the inner noise of 
CMOS and the scale-down of gate area at the same time by 
making an n-channel MOSFET a buried n-channel type, and a 
p-channel MOSFET a buried p-channel type. 
CONSTITUTION: An n-type Si well 2 and a p-type Si well 3 
are made on an Si substrate 1 , and a p+-type source/drain 4 is 
made on the n-type Si well 2, and an n+-type Si source/drain 5 
is made on the p-type Si well 3. Moreover, a p-type channel 
region 6 and an n;channel region 7 are provided between 
several sources and drains. Furthermore, using an n+-type 
polysilicon gate electrode 1 1 and a p M -type polysilicon gate 
electrode 12, buried channel-type MOSFETs for analog 
circuits are constituted severally This way, a circuit where the 
inner noise of CMOS is little and the area of a gate is small is 
materialized. 
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tffc. p90?*JM^fc*d^ttBnS±ftB± 
h y si?* 9 k Sr*rr * r t £«H& k 

- h « JH»* V J > V* * » T 1r n ^IhIK k ¥ i> 9 /Hal 

nm^mmk v>m£$tmmi-z*mftm&k, 

pM<D?—hmMks nlol»oy-VKWyi 

«c^> p!BOf-ir*A««**£^fflBnffl£*BJ: 
fc«^S^fca»5i*f-^*^p^^*A^6»y- h 

9WBpfiS«ffi±^»**Jx % nffl(Oy-h®Kt, n 
«fcS:^tf«B^ir*/Hlp^ir*/H6»y- 

* h ? * fc sr^-r 6 r t k -rzftffimim 



WHWB^ir^^fflp^ir^/HftRy-h 

[0001] 

6P^fflV^SMOSl!®#3»Sh^V^^ (MOSFET) \C 

[0 0 0 21 

sFEYk\c£*>mrfL£tiz>h<whz>o ft*, y-hm® 
*sy=> k ~tz> a>-ccMosic k&<d 2 

(1) y-hi)ilCn + ^!J^!j3y^fflt^^ 
**A^mfi«B^**A^fc4!K p^-Y^MOSF 

(2) y-hmm-n* #»5/!)3yi P + #y$/y a:/ 

££*fteM£ffl-f£*:, n^*/HIOSFEran + #y 
h"T?*B^-Y*/H!«C)i9, p^**/WK) 

So 

[0 0 0 3] ::T(2) <D£oKn+ #y$/y=jvtp 

49, Kag^^ h^±#$-&^ 0 Ud^L, rcoCMOSflp 
^ir^/HlOSFETSrXB^^^i^fci-Swt^*, S 
f-ir*/Htt*|c#L"C*r?iJ-C*>a 0 — jttlc, MOSFET 4: U" 

yztv^msxTimmki-zk l§v^®ee 

a*^"-ir-*^SJ:9*Bf--t-*^a!o**sMv\ ^ft«: 
*B^ir*/^a!^*, K W VS«E*5sio 2 /Si 
«S:Mft. Ku-f v«ffioJB»*SrtJc<v^e)-Cfc 

So 

[0 0 04) SIBfctt, Ift^ft^iOpf^^ 

rv^S»7H (*RWfc*5rt5B9) Oct5icx*-rs 
So 4*5, B 9 leister, i6iipiy-VK^v 
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9 p ^^^/VSMOSFETttilSfia^Jffife® 2 1 

fc^-farklc*!?, K >®M\c X Z> tfT^is^ 
-Y * /HKJSFET WMl » L Xfffl ft S ffi f" fc 

[0005] r-fo^(p]KJc^B$H$MOSF 

KffiV^ft£MOSFETOy- h;gr (1/xmJ^T) t-Jt^T 

[0 0 0 6] T^o^EBffl«)CM0Slc3?***t5 
1416k LTtt. MOSFETO^TttOft&i^ MOSFET^rt^/ 

it(l) Oj;5 4n^ir*/VM0SFETW3RaB^^vS,. p 

^^^yl^FET^S^ii^^^SOtl^, (2)<D 
«k 5 4 n^^yO'MOSFETk p ^Y*/MI0SFET*S#|C^S 

&X<0&&te%£tlXZtl:fri1t 9 SfrE©«r^¥4-8206 

(D^&m\^\,^xn^x.htix^^\ c<Dit$>'&&mo 
sFET-crt»y-f xsrffi«ra*«fek try- hBSte* 

*<i-a*ife^B&^TV^fc 0 — JttlC MOSFETO^gftJI 

IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. ED-29, 
NO. 6, JUNE 1982 ) , tOttldttrtay X4r{£«*f£ 

«>, *5J:OM0SFET«>^rttS:iR)±S*5fc»lj:y-hB 
LTV^fc. ffioT#ter-#-n^iaBfcj3V^-C 
igg|££±tf a r kdV ^ X|BH-C»*<S*i-C^S k ^ 

^EBicjsv^Ttty^xo^iiv^k^Worv^att* 

[0 0 0 7] kr£T\ r^n^EIBfcv f ^^EBSr 
&$&Lfc!n]B (r^n^/^^^/i/fittBB) TT-J-o 
^EB», 7 f ^^/HHlB»**lcai0ST«ril*iiTV>5 



^n^0Bffl*-efiWB*nrv^fc o bp^ iticjt^fc 

(1) ©J:5ftn^^*/MIOSFET3»aB^-r*yPa, p^ 
* */i4IOSFETas«*»#?' ir */vSW>»& ri^ V* /HBI 

B»kT+n^HBtt#ic<i) ^cMos©«^^ffl*n 

tv^fco ftfcSfc^fcfe) coJ:5 4n^Y^M0SF 
ETk p^^*/l«SFCT36S*fc*ffi^-t*/vg!©»^|c*S 
wtli, ttttf^/HHBttKBjJtSttStta (* 

as, (2) «)c«osoflij*dS7 f ^^/naB«B«>*4e)"f, r 

*P^IIIB»fcfc^3Jh/t£fc. Z<Dlt$>lCT~rv? 
@BSB£>I*I&/ -f Xfc«*T SttMfc^Rtt* 5>*iT:fc 
&1\ rtffly-fXSrffiiifrrSfcftlCWtT^n^lsiBao 

■ fcttStfrd"?!*, T*o^@B&fi'<-f h^v 
^^^/^HBattCMOS^tttonsiHlBasKbti 

[0 0 0 8] 

[»Was#*LJ;5k*t-5f&JB] L^Lfctffe* T^n 

^0B^*3v^rciioss:ttffl-r*»&, rttty-'fxsMEJ* 

ftttT^n^EBo^yXBaSrlt**^ ${&^*h 

S£*t<*f£k, y-hBMussaty-*. km 

fto £fc> r^n^HBfcdsv^T/M 

m*mi,xm**W)ft£itz>itz>\Zs oiosicit^r*® 

XSofcJftlcCMOSSBtXSJiO t«5t=i^ h^Kv^tv^ 

[0 0 0 9] ^^i, r^^^/7 ^ ^^;^^IH]B^-*5V^ 

*C> r^n^lilBgP, f f ^*/HHlB»Sr*lcCMOS-e»36 
Lfc^&, r^o^EBttO/^XSrfi«^5fcft^ 
r+n 1/lHlBgPcOMOSFETcDy- hB^^^t < -f ft£S 
ISA* ^y7TB««r**S*, K3g=>^hS:± 
#^-frakv>5B9S^d5feo^ 0 Sblc, y-hB8J£ 

0B»cjoV^T, r^o^SB«Sr^>f 

^•C, ^LTf f iz^/i,[piK^iSrCM0S'CS^Lyt©^> 

>f#-7h7^^ 0©3§XS k CMOSOKigXStf) 2 
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[0 0 10] fct*»^@Wlt 71-v?®&RTf 
teffl £ ftSCMOScOrtft / >f X£{£»*f5^/5;£ti# L> 
^T^n ^0Kffl^aiOS$rJ|«-r^ r t XhZ> 0 

* >\smmm&\z.^xih®> j << x<D^mx7-ru ^sb 

v^ttr^P^EiS»^Sl3R*ixatttB (rtSBy-f Xo 

nstttt (^^isfcmfbicisiss, a«sn ems® 

[0 0 11] 

^/MUOSFETO n 9 !J ^yy- h £rfflV^£ £ K J; 
T*ny/fH*#A««§IB«!> h^^^^jftSCMOS-Cfll 

P + #y vy 3^iffifflStit*j»), r^a^iHiK«o 

n ^ */i^0SFEm p + # V > V ^ yy- V SrfflV^S C 
MOSFETttn* # y > 5 3 h r t J: 19 a 

COn^-r^/UM0SFETOn + # V is}) ^ y^- h £/fJ^£ 

et^p* #y i/v *yy-h&m^zz k\z£9$tmr 

[0 0 12] 

a»a*^-t*/vs**t^tt«>MosFETort«»y ^xojh 



«tt*T*>6. rt«f|5/>fXttlOHz-COA**ffSI*a 

EV 8 Sr^LT^oO, L&vH8SEEV th S:SL3l< (V 
« -v th *>|ft»*D iifcilK ^V th (OXi/*i 

*/WfflMOSFCT(Z>««j|**"C*)0, «Bfttt«»a*f--r* 
/^S!M0SFET(Oft|^J|t?S)5o ifht>h?-l&. V- 

Aflo** as y -f x#/h £v>r<fca*we>a>£ftoTv> 

So 

[00 13] ^*LttSttttfctt»coJ:5^»wiFixSo 

*ffif--r*/H!M0SFETlC*5V>T K W V®irfc ti:Si0 2 /Si 

SFET-Ctt-K ^ V«*HtSi0 2 /Si#B5fi«**bJ£*Sor 
ttttSo SiO a /SI#K5BHFI*» : F^»**<, * 

v^Alc»SL SSctbL, r tile J: 0 6>r*s 
fif\ rtgS/^X*Sj8feLTV>-5i:#^P>nTV^5o - 
JlbOw^i^ «*5i*f-ir-*^a!llOSFETf4Si0 2 /Si 

*/^Sliilt^TSi0 2 /Si*ffi3fi«O«»Srart^< v^fc 

%^e>H, rtft/w xas/h£^i^ffl$*iSo ro^sj 

So 

[0 0 14] 

fc> a»a*^-Y*^Sfc±art»y^X(Ofi«»**s 

^/HHJB»t*ffi^-y*/H!Srfflv^Sr4-C, ?*J9fr 
BB»l-»*aFJx6Katt«otttBkr^-n ^IhIBWc 

[O015lo*9, rtn^BBit/TtP^/T^ 
^/va«lH3B^r•^^^[HIBa^C*>V^T, n^-y^/PMO 
SFET X p^y^/^MOSFET*lca^^^-y^yUS(C*tS 
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X n T**;\'U&mt>m$>&fr s 7'**/i'M\c £ti2> Z. t 
^ *A*SFET i: p * -r ^/HIOSFET t ##K:S4& 

ir^/i^u: r t ic J: 9 n ^-r */muosfet£ P ^ 

[0 0 16] ■ : E:UTr^p^/'r^^/^Sffi^HIK^-*5V^ 

ET^cS^ai^i'^/WSlCL, xi^MHJB&CDn^ 
^/HiOSFET, pf--y^/MilOSFBT*^^®f-^^/H!fC 
-fS^ T*u^l§IB<WcS#Sft6tttB (ftU/JX 

(Dm&Rvr- h®m<Dffi'M **»mx 

»J6-CS, ^*/MaB*fc*fc*:li8ttiB 

[0017] sfctt*, r-f p^Hnawc/M h 

B«SftaiOS-C«JSLfc»&lctt^, **w«rttffli-sr 

[0 0 18] 

IC % n&SipsA^* p£Si**A'3as»jS3 jx, P* 
S!Si y-*/ KKV4^n 5!Si ? ^/U 2 ±K7&£ $ 
*t> n* fflSiy-*/KW ^5^pSSi!?a:/V3±lC 
MStlTV>5, p" S^^^/^«c6, n" ffl 

7 #-t*t€ft0> y K u-f V^^ffllc 

»ite>*L, s^Ri^ttffl^siKikjK (locos mm) 8 
mmcotn<, Y-hsmim9, mmmmio. n + 
-nasi 2, ^>v-f j k) i3, 

JfeiH® 1 4 , AlgS$ 1 5 M0SFET£$/£ LT^So 

[0019] H2^H4Wt, Hi^*ufcr^o^iaB 



0 X10 16 (cm" 3 ) ©nfflSi**/^ &®Sfi2.0 X10 
17 (cm' 3 ) OpSSi^a:^3Sr^U, fSH^ffiffllCSi 

®{bffi[ (locos Sftffi) 8«r#jsu 160 Acoy-hK 

fldR9«r»*Lfcft, ^««EEV th »J»ffl(0-<*y 
aASrn§!Si^^/U2±lc«:3}>r>^(B) £30KeV , 1.0 
X10 12 (cm' 2 ) <D&t¥X. pS!Si!>ai/V3^d:y V(P) 
£80KeV , 3.5 X10 12 (cm" 2 ) (D^Xff^\ p" MSi 

[0020] H3©±5lc^ofl[*fcj: 

; E:LTnSSi^^/W2±OJ}fy *>y *>\C\Z 
})>(?) pSSi»>3:^3±^^y i/}) 3y|:|j[*!) 

[0 02 1] H4 0±5lC«»iaiC«oT«# 

L, gBlf'&Wi-n§!Si^^/W2±lC«p + ^Siy-^ 
/ Sr> pSSi^^/W3±lC|^n + SSiy-^ 

[0 0 2 2] ^OftWtJliOeBSE'&tt^^y 

■y-^ ki 3Sr^y^y =^y-M 1, i2±^y-^ 

S^v:^^ hfflo^**>ftfc«, Al (T/v^) Sr/<^- 
v«#S-frTAlElftl 5 (01) £7&£U Sl<oj:5 

ld^S 0 rco^, gj^L/jrV>^ii^Xg^o'CMOSFET 
[0 0 2 3] ^OJ;5K»3iUfcr^n^lHlKttt, 

•T^/UMOSFETt p ^-r^/VMOSFETt)*(CS^^^-y ^ 
/VS»C«oT*5?), ii^Xe-CSJig^tlSCMOSiClt^ 

[00 24] (^Hl^feW ffl^orta ^/f'^ 

-H7^fflv^-CKM^S P H5WtracSiS«llcr-*-o 

«S;W4CM0S<O«^»rffiHTfc5 o SiSfillcri> nS 
Si!>^/U2, pSfSi^^/WSdS^tl^nr-^ni/lHlB^ 

p* ^Siy-^/KU>< V4^n^Si!>^/W2iC, 
£fcn" §!Siy-^/Ku-f ^S^pSSi^^/U'S^ 

tn^tiwy-^/Ku>f yraicp" Sf-^* 

So 4^3T^n^0BW^-t*/W««6, 7tt, 

9, ^^/HeIB«PPco^^*/^«6, 7ttBli:e»^ 

6T, fc*r*^yra*nasfcLrojHfcft9, 
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[0025] * LxmTm#fm<Dsimu® (locos ® 
«6±k % *itp+ mtfVisv=*yy-vwfci 2# n 

^/KWyffi«l^S^fkfe (fPINf K) i 

3co»®[-cso^, mmmmmi 4-csig#Ei±s£ 

Pg&SrSWT, ^riCAlffi&l 5£7&£l/T, T^n^ 
[0026] 06, B7HU EISIC^LfcT^Oi//^ 

5 0 0 6l;:^f J: 5fc, Sigfil±fcffl»XSl;:fEoT 

X10 16 (cm" 3 ) <On^Si^x/V2, ^Sffl 
S2.0 xio 17 (cm" 3 ) OpfflSi«>3:/W3 8r«€:tt«Pii»J* 

U S^Kfflosi»<blK (locos K^bK) 

U 160 A©y-hBMKK9*r»l*Ufc*, L£v*H* 
EV th ffliaiffl(0^^vaA4r, r-^n^lMlKgpon^Si 
V*/l'2±.\C&&$m(B) £30KeV , 1.0 XIO 12 (c 
m" 2 ) <D&ftX, *1tT-rv?\B\?&U<DpM'?x/l'3±. 
\Zft])y(P) £80KeV , 3.5 XIO 12 (cm -2 ) <n$kfrX s 
$ b /MhJBS&O n HSi ? * /V 2 ±fc i* y ^ (P) 

&80KeV % 2.0 X10 12 (cm -2 ) <D&ftX* ^Ltf^ 
/HUBS© pi!* x/U3 ±\cnfr £30KeV , 2. 
0 xio 11 (cm" 2 ) eO&ft-CfTV\ P~ fflSi^ir*/v«« 
6 & n" BSi****W*7 **Ji«v»iW6. 
[0 0 2 7] ftic, 07O£5K£frco&ffiKj;9 4M4 

Jta$^> T^n^EKa$«>na!Si»>3:/V2±©#5i/ 
y =*:/l 1 alcfty V(P) ^r^tyaAU T**-n^[n] 
Bgfl<D p SJSi * ztjv 3 ±<D # V is V 3 ^ i 2 a lei** 5? 
i£(B) 7 f ^^yHe]K^nSSi^3i/V2±(0xKy ^ 
y^yi 2 dlctttf ?3§(B) tttf^/i'BRS 

(Op^si!>a:/w3±<DjKy ^>y 3^1 1 dicisy xp) 

SSI li:p + S^J^Jayy- hSSi 2Sr^^— 
[0 0 2 8] r(7>i:5lc©SL/cr^a^/7 f ^>'VjS 

[0 0 2 9] ^±RWLfc<fc9lc, *»WKJ:5rtn 

^IsJBffl OCMOSd: n *t ^/MAOSFET £ p ^ ^^OSFET 



- hffiSl^/hSr^^c:^-r6CM0SSr^mi-5r fc# 

[01] **^co^ i somsstsi- cMosFETom^ww 

SB. 

[H2] *»M<oB l *ft«o»3gXSo«a;W»rBB 
(*<oi) . 

[0 3] 1 3fitttt0Mll%0tt^BrBB 

(t©2) o 

[04] #»w<o3i i mmm<Dmmxn<o&*,toWiffim 

[0 5] #»W©&2 5l*«|*^-r CMOSFETOm^W»r 

®0o 

[0 6] **wom2llffi^jo©3ix@<o«s;w»fB0 

(tOl) o 

[0 7] *»^coB2^JS0l|<DiS!agXe^«^;W»f®0 
(*©2) o 

[0 8] *snofln«rnni-s«>o-c. a»3i*^-y 
[09] i^ft^»Lraft4hfcfle*©a*ii**--r 

1. . SiS« 

2. . nl!Si^^/U 

3. . p^Si^^/W 

4. . p + SiV— */ KU^f^ 

5. . n* Siy-VKK^ 

6. . P " si^Y^/^«E (r+n^»r*a»a*a, 

7. . n" si^«r^/i^B« (r^p^«tta«>3i*a!. 

8. . ^^W^^ffl(OSiK{klS(L0C0S»ikK) 

9. . y-hSilMUi 
10.. flSIMUR 

11. . n + ffl*3^y 

12. . P + s^y ^>y n^y- vmm 
13.. temtrJim (isvvj k) 

1 4. . WAJ&liBI 

15.. Alffi& 

16.. piy-V KWv 

1 7. . 

1 8. . v-hmtm 

19.. flttiMUR 

2 0. . y-^/K^^S«i:i»pi!ft* 
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